SUMMARY.-Electron-microscopic examination of an oat-cell carcinoma associated with the ectopic ACTH syndrome demonstrated characteristic cytoplasmic granules of 60-240 nm. diameter, consisting of a dense central core separated by a clear halo from an outer investing membrane. Comparison with previously examined non-secretory oat-cell carcinomas showed the granules to be more numerous in the present case. They are considered to represent secretory activity in the tumour.
ADRENOCORTICOTROPHIC HORMONE (ACTH) secretion by non-pituitary tumours is now well recognised, but so far as we can ascertain no morphological evidence of secretory activity in these tumours has yet been demonstrated. Although ectopic ACTH secretion has been reported with a variety of different neoplasms, a critical review by Azzopardi and Williams (1968) suggested that the syndrome is virtually confined to oat-cell carcinomas of the lung and various endocrine tumours. The histogenesis of oat-cell carcinoma and its relationship to bronchial carcinoids has recently been clarified by Bensch, Corrin, Pariente and Spencer (1968) . Electron microscopic examination of normal bronchial epithelium and mucous glands demonstrated the presence of cells similar to intestinal Kultschitsky cells. The cells possessed characteristic granules of a type seen in nerve terminals and various endocrine organs. These " neurosecretory " granules were found in both bronchial carcinoids and oat-cell carcinomas, but not in other lung tumours. The granules were present in large numbers in virtually every cell of the bronchial carcinoid tumours, and were responsible for the argentaffin reaction on the rare occasions when this was positive. In oat-cell carcinomas the granules were limited to an occasional tumour cell, and within these were scanty and smaller than in carcinoids. These observations were made on tumours unassociated with any endocrine disturbance and the fine structure of a secretory oat-cell carcinoma would obviously be of interest. Recently we have had the opportunity to study a case of the ectopic ACTH syndrome associated with a pulmonary oat-cell carcinoma.
CASE REPORT
A man aged 55 years was admitted to Grove Park Hospital (Lewisham Group) complaining of pain in the lower part of the right chest of 3 weeks duration, associated with a productive cough, and swelling of the legs, particularly the right, of recent onset. (Sommerville, 1966) 42 ug., epitestosterone glucosiduronate 21 ag., oestriol (Brown, Bulbrook and Greenwood, 1957) 37 ,ag., oestrone 9 sag., oestradiol 8 lag., total oestrogens 54 jag.
There was thus a very marked increase in serum and urinary adrenocortical steroids. A rise in urinary oestrogens believed to be derived from the adrenal cortex has been observed previously in the ectopic ACTH syndrome (for discussion see McMillan and Maisey, 1970) . Blood glucose, serum calcium and inorganic phosphorus were normal. Serum isocitric dehydrogenase and alanine aminotransferase were raised, the former being 4*6 i.u./litre and the latter 227 U (normal by method not more than 100 U).
Further investigation was precluded by the patient's rapidly deteriorating condition; he died a few days later. Since permission for autopsy was refused it was not possible to prove the diagnosis of the ectopic ACTH syndrome by assay of the tumour and pituitary gland (McMillan and Maisey, 1970) VOl. XXIV, NO. 4. LUNG CARCINOMA WITH ECTOPIC ACTH SYNDROME processed to paraffin for light microscopy and the remainder was post-fixed for 1 hour in 1% osmium tetroxide containing 0.12% sucrose buffered to pH 7-4 with veronal acetate before processing to Epon for electron microscopy. Paraffin sections, 7 ,tm. thick were stained with haematoxylin and eosin and by silver impregnation techniques both with and without a reducing agent to demonstrate argyrophil and argentaffin cells respectively. Suitably thin Epon embedded sections were stained with uranyl acetate and lead citrate and examined in a Siemens Elmiskop I.
Light microscopy showed extensive infiltration of the bronchial mucosa by oat-cell carcinoma. The argyrophil and argentaffin sections were negative, both in the tumour and the overlying surface epithelium of the bronchus. On electron microscopy there was obvious fixation artefact, notably disruption of cell membranes, but sufficient cell detail was preserved to warrant examination. The tumour cells were fairly uniform in appearance. Each contained numerous free ribosomes which composed most of the cytoplasm and there were occasional clear vacuoles. The characteristic granules previously seen in non-secretory oat-cell carcinomas and in carcinoids were especially sought, and readily identified (Fig. 1) . They consisted of a dense central core separated from a thin investing membrane by a narrow clear zone, and varied in size from 60 to 240 nm. (Fig. 2) . They were not present in every cell and where present were not numerous, but they were considerably easier to find than in previously examined non-secretory oat-cell carcinomas. Few other cell organelles were present. Intercellular gaps were small and contained occasional collagen fibres. Where the tumour cells abutted on each other they showed no intercellular attachments. No surface bronchial epithelium was included in the tissue processed for electron microscopy.
DISCUSSION
In its fine structure this tumour shows the abundant free ribosomes and lack of intercellular connections common to all rapidly dividing malignant neoplasms. A distinctive feature is the presence of small dense cytoplasmic granules, identical in structure and size to those previously identified in non-secretory oat-cell carcinomas. In this hormonally active tumour, however, the granules are more numerous. This supports the suggestion that the granules are secretory in nature and agrees with the proposed relationship between bronchial carcinoids and oat-cell carcinomas (Bensch et al., 1968) and with the inclusion of their cell of origin in the APUD series (Pearse, 1969) . There exists similar ultrastructural evidence of hormone secretion in mesotheliomas and thymomas, and it is likewise suggested that this is connected with the occasional endocrine disturbances associated with these neoplasms (Echevarria and Arean, 1968; Macadam and Vetters, 1969) .
The negative silver reactions of this tumour occasion no surprise, for although the reactions are dependent upon the granules, these are also present in nonargentaffin carcinoids. Judging by the diversity of endocrine structures possessing this type of granule it would appear that a common morphological structure represents various chemical substances, not all of which display an affinity for silver. It is tempting to envisage all cells with this type of secretory granule as having a common histogenesis, such as fore-gut or neutral crest, but this is probably unwarranted in view of their presence in a mesothelioma (Echevarria and Arean, 1968) .
It would be of interest to examine lung tumours associated with other ectopic hormone syndromes for the presence of these granules. In that argyrophilia has been demonstrated in an oat-cell carcinoma associated with the carcinoid syndrome (Azzopardi and Bellau, 1965) , it is likely that similar granules were also present in this tumour. The granules were not described in an oat-cell carcinoma producing anti-diuretic hormone (Whitelaw, 1969) , but it is uncertain whether they were specifically sought. Parathormone secreting lung tumours would be especially interesting as these are usually squamous rather than oat-cell carcinomas (Azzopardi and Whittaker, 1969) .
We are grateful to Dr. M. 0. J. Gibson for permission to study this case.
